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ARSTRACT: 1,3-Diamino-2,4,6-trinitrobenzene, DATB, was pre-
pared in good yield from 2,3,4,6-tetranitroaniline, 1, An 6wo
steps. 1,=hthoxy-2,4,6-trinitroanillne, 11, wan obtained by
the -reactin of methanol with tetranitroamillne and converted
directly to DATB, III, by adding; the methanolic reaction soi1-
tion to ammonlacal methanol. Alternatively DATB was obtained
by the reaction of benzene or acetone solutions of crystalline
* -sethoxy-2,4,6-trlnitroanlline with ammonlacal methanol. Three
different crystal habits were obtained depending upon reaction
conditions. DATB in large rod shaped crystal habit was made
by the addition of benzene solutions of l,3-dImethoxy-2,4,6-
trinitrobenzene, IV, to aumoniacal methanol.
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Th1s regort describes the preparation of 1,3-disauno-
2,4, 6-trinItrobmnzene, DATB, by the anorolyoei of 3-methoiy-
2,4,6-trInitrotanllne and 1, 3-dimethoxy-2, 4, 6-trinltrobenenr.
NAVORD Report 6016 in thh -rltxal report describing the
preparati cz and properties of DATB. Other recent reports
concernin• the latest work on this compound are NAVORD Reports
6201s and6223.

Thts work was performed under Tauk FR-44, Explosive
Synthosiz.. as pWi of a fundamental investigation of high
temperature at- ble agplonives.

KELL A. PETERSON
Captain, USN
Comander

ALBERT LIGH DY
-�~y direc tiort.
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1-.AY RZES'STA.d UFPLOIV-E5 V

i, 5-Diam.Ino-2, 4,rj-trinttrobenzene, DATB,
by Amonolyais of Methoxytrinitrobertzene Compounds

INTRODUCI ON

Current military explosives are unusabl-3 in high speed
m4X9"e warheads because of decomposition induced by aero-
dynamic heating of the warhead. The Organic Chemistry Division
has been Investigating the synthesis of new high temperature
resistant explasives which would function after being subjected
to high temperatures for a short period of time. One of these,
1,3-disiAino-2.,, 6-trinitrobenzene or DATB, was prepared and
given a preliminary evaluation (I). The evaluation revealed
that the compound was insensitive to impact and thermally stable
at 500OF (2600C). A plastic bonded composition conti~ning
DATB with 5% binder had performance energy about equivalent to
TNT. Because or these properties and the reasonable av&ail-
ability of DATB, there has been considerable military interest
in it for special applications. Consequently this Division
has been improving the synthesis and determining physical
properties in support of the military program.

This report describes the synthesis of' DATB from 3-methoxy-
2,14, 6-trinltroaniline and 1, 5-dimethcxy-2, 4, 6-tz-initroben'.ene.

DISCUSSION AND RESULTS

1. DATB from 3-Methoxy-2,4,6-trinitroaniline. In the initial
study, DATB was obtained principally by adding either a solution
of ;etranitroaniline in Cellosolve or the crude solid compounA
to ammonia in 50% methanol-water. The product obtan••d by this
method had vu-•y ood %,heL-al stability but was obtained a& the
cost of using large volues of solvent or, -_s an alternative,
handling large quantities of the solid explosive intermediate.
In an experiment involving the addition of solid tetranitro-
aniline into the ammoniacal methanol it was noted that the
aniline stayed in solution for a few minutes before DATB preci-
pitated. On the premisp that the DAT-B was c--mig partiaily Lrom
nucleophllic substitution of 3-methoxy-2, 4,6-tri,|itroani llne
as well as from substitution of a nitro wroun hy Am onian, -ome
DATB was prepared by ammonolysis of pure methoxytrinitroaniline
to determine how easily DATB may be obtained by a two-stage
reaction of tetranltroaniline to methoxytrinitroaniline to DATB.

CONFI DENTIAL
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Although initially the samples of DATB prepared I thils way
were not as thermally stable as the material obtained by direct
ammonoly.5is of tetran~troanillne, the process was studied
further and improved.

Me intermediate 3-methoxy-?, 4,6-trinitroaniline was
readily prepared by heating a sluriy of crude tetrennitroaniline
and methanolat reflux temperatui.e Vor a few hours. The product
either was isolated as Cine light yell1"• needles, whicn melted
within one degree of" the 3vltin6 pi:-.t of' pure methoxytrinitro-
aniline, or it was ased imiaediately In olution in the ammo-
nolysis step. The wine red reaction mother liquor Qontalned
side reaction products which probably resulted from reduction
reactions occurring during the methoxy c-mpound formation and
from the reaction of methanol with by-products in the crude
tetranitroaniline. However, the by-products did not interfere
with the aimmoiiolysis of the methoxytrinitrofaLline and DAT5 with
good thermal stability was made without isolating the Intermediate,
Fortunitely the impurities from the tetranitroani!.ne preparation,
from the preparation of the methoxytrinitroaniline, and from the
ammonolyais itself remained in solution for the most part. The
DATM was usually discolored somewhat when prepared by this two
stage procedure but nonetheless had acceptable thermal stability.

The isolation of methoxytrinitroaniline served as an easy
purification step which eliminated the accumulation of impuri-
Lies from the crude tetranitroaniline and the methanolysis
rea•tion. High yields cf DATM of good purity, as shown by the
vacuum stability test, were obtained by adding benzene or
acetone solutions of the methoxy compound to aqueous ammonlia in
methanol. Me reaction mother liquor was not deeply colored,
and the DATB for the most part was a light yellow. An optimum
procedure which evolved from a study of reaction conditiona
consisted of dissolving the methoxytrinitroaniline in acetone
or benzene and adding this solation to aqueous ammonia in
methanol at 500.

Much effort waa expended in determining whicn reaction
conditions would give crystal habits other than thin plates,
and crystals large enough to be ground down to an optimum
smaller size and distribution for plastic bonding. Aa expected,
reaction conlitions had some effect, but only tnree general
types of crystals were obtalned with assurance of reproduction;
thin plates, twinn••A -^ - l"Cd -("I- "- -
and equant pyramidal crystals. The former two habits ranged in

2
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3i7e from UO-lO0j. in the longer dimension, and 20-40ýL in the
shorter. The experimental results evolved the following
general observations:

(a) Crybtals of a particular hablt obtained on a small
laboratorV scale could riot always be obtaineo upon scaling up,
even thcugh the procedure was repeated precisely.

(b) The presence of water appeared to be necessary to
obtain larger crystals and to reduce the amount ;, f ton
by-products.

(c) The addition of the methoxytrinitroantline solutions
to ammoniacal methanol rather than the reverse gave larger,
better formed crystal6.

(d) Bost results were obtained at a reaction temperature
of 50 0 i 50. No particular advantage wad observed at higher
temperatures and crystals of smaller particle size were
obtained at lower temperatures. Rapid stirring and dixute
reaction solutionxs permitted better crystal formation with
fewer occlusions in the crystals.

(e) Vacuum thermal stability at 260C did not correlate
with either appearaxiue or melting point. Good color and sharp
melting puint did not indicato that the material would have
thprimkn stability wiithIn the specification limits. In general,
DATB of the larger crystal sizes underwent more decomposition,
probably because of crystal occlusions. The materials pre-
pared in this study gave between 3.0 - 8.7 cc of gas per gram
ptr hour at 2600C in the vacuum thermal stability test.

(f) Methoxytrinitroaniline was easier to prepare and use
than ethoxy trinitroaniline.

2. DATB from l,3-Dimethoxy-2•.46-trinitrobenzene. On the
basis of the methoxytrinitroaniline experience, the ammonolysis
of l,3-dimethoxy-2,4,6-trinitrobenzene (2) was carried out
under the same conditions. The DATB from this intermediate
wat, ight lemon yellcw and usually formed as long rods, some
being 200-300t in length. _Aling up of the laboratory
experiments was more sutc'ewdful 1n this cAse. As in the methoxy-
trinitroaniline systems, addition of a benzene solution of the
dimeth-novy nnmpound to amoniaca1 wt- nol I� .t: h n
the reverse addition.

CF N3
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EXPERIMENTAL

1. DATB irom TetrF.nltroaniline Without Isolation of 3-!Methoxg-
2, 4,6--trini troanlaine.

(a) A solution of 5 ml of concentrated aqueous amnionia
in 100 ml of' methanol was placed in a 500 ml crea6ad, 3-necked,
round bottom flank fittea with a mechanical stirrer and a
dropping funnel. Crude tetranitroaniline, 10 g in 250 ml methanol,
was converted to 3-methoxy-2,4,6-trinltroaniline by heating
briefly at reflux with stirring. This solution was then idded
dropwise during one half hour to the methanol ammonia solution
at 50*C. qhe solution bpcmae red and after about 3-5 minutes
the first precipitate appeared. The reaction mixture wva3
stirred for one half hour at 50*C after the addition o' •he
methoxytrinitroaniline was completed. The product was filtered
off, washed with methanol, and hot water and dried; yiiXd,
7.2 g or 81%.

(b) A solution of 10 g crude tetranitroaniline in 2,5 ml
methanol in a 500 ml creased, 3-neck, round bottom flank fitted
with a mechanical 8tirrer and a reflux condenser was ppepared
by heating the mixture to reflux for one half hour. Ammonia
ras was then admitted to the atmosphere above the solution.
The solution became deep red in color at once and after two
minutes a yellow crystalline precipitate began to form. The
reaction mixture was stirred at reflux temperature for one half
hour with frequent addition of ammonia gas above the mixture.
'1he mixture was stirred one half hour after coolig and filtered.
The product was washed well with hot water and finally with
acetone; yield, 7.95 g, 89%. The crystals were triangular in
shape with average particle size of about 40-60 microns on the
side.

2. ,repjration of •-bethoxy-2,4,6-trinitroaniline. A slirry of
250 cru-'Ttranitroaniline and 1 liter or methanýl in a 3 liter,
3-necked round bottom flask fitted with a thermometer, mechani-
cal stirrer and reflux condenser was heated at reflux temperature
for about an hour. Complete solution was not anhieved, brt the
change in form of solid material from an amorphoub solid t.
well formtd needles was indicative of the completion ýf th3 re-
action. 'Die reaction mixture was cooled mnd the product was
lltei-d of'I, washed with methanol and air dried. The yieAd of

light yellow needles was 192 g or 77%; m.p. 134-5 0 C, uncork'ected.

4
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35 DATB from n- Me thoxy-2 4 -trinit roaniline.

(a) A ureased, 2-liter 3-neck round bottom f'lask with a
mechanical stirrer and two dropping funnels, an( containing
500 ml of methanol and heal;ed to 500 C by A water bat wa u..d
for tne reaction. A solut:Lon of 50 g of 3-methoxy-2,4,6-
trinitroaniline in 250 m! of acetone was placed in one dropping
furnal and a solution of 2".5 ml of concentrated aqueous
ammonia in 212.5 ml of methanol was placed in another dropping
funnel. A portion, 25 ml, of 'the methanol-amxnronia solution first
vas added to the methanol in the flask. Tnen both solutions
were added simultaneously and olowly during a two-hour period,
ilways keeping the methanol]-ammonia solution uddition rate
slightly Laster than the methoxy aniline solu';ion. Rapid,
turbulent stirring was maintained during the :,eaction. The re-
action mixture was stirred for one-half hour Ll'ter completion
of the addition; then the orange colored crys;alline product
was filtered off, washed with methanol and ai? dried, The
yield was 38 g or 81%; -.. p. 280-282 0 C.- Te c,-ystallhne
particles were fines mixed with Ill formec massive rounded
crystals, "potato" shaped (Fig. 1).

(b) A solution of 10 ml of concontra-ed aqueous ammonia
in 250 ml of methanol was placed in a l-liter 3-neck creased
rcund bottom flask with a mechanical mitirrer and dropping
funnel. A solution of 10 g of 3-methoxy-2,4,6-trinitroaniline
dissolved in 250 ml of benzene was added dropwise during one
hour while maintaining the temperature! at 5)"C. The reaction
mixture was stirred for one hour aftei the, addition of the
methoxy aniline sonltion was complete and then the product was
filtered off, washed with methanol and air dried. It was an
orange yellow crystalline material, shaped :!,ke thick rods but
somewhat aeglome.'ated (Fig. 2). The yield was 8.5 g, 90%;
m.p. 282-2840C.

(c) A solution of 10 g 3-methoxy.-2,4,6-rizinitroaniline
in 150 ml of methanol was prepared by warming; on a stetum bath.
Aimmonia gas was bubbled into this solution, 'kept warm on the
steam bath. The solution turned cherry red Immediately on
addition of the gas and a yellow precipitate began to form in
2-3 minutes. Precipitation was complete in about 15 minutee.
The solution was allowed to cool with o,2casional shaking. 'The
product was filtered off, washed with metnhnol, acetone., and
water and dri• d in ai uvve at 60%. 'mhe yielc of yellow
crystalline product was 9.0 g or 95.8%. The (rystals were a
mixture of rods aid triangles, all thin plates.

5
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4. DATB from 1,3-Dinethoxy-2,4,6-trinitroanhlilne. A solu-
tion of 150 ml of concentrated aqueous nmmonia in three liters
of methanol was placed in the flask and heated to 50*C
A solution of 200 g of 1,3-dimethoxy-2,4,6-trinitrobenzeno li.
1200 =i of benzene was addea durlr.g 90 minutes with stirring.
The totp rture varied between 50- and 65*C. Precipitation
of the product itarted about three minutes after the addition
UU Lbegun. IDne reacLion mixture was stirred for an additional
30 minutes at 50*C, the product was then collected on
Buchner funnel and washed with methanol. After air drying the
product weighed 165 g, and consisted of lemon yellow, well
formed rods, typically 80 x 20011 (Fig. 3). A small portion of
the product was dried at i00c in a vacuum oven and the physical
properties were measured; 'A.p. 283-285C, uncorrected, thermal
stability at 250"C for two hours - 2.4 cc/g/hr.

A scaled up preparation by this method used 755 g of 1,3-
dimethoxy-2, 4,6-trinitrobonzene and pilot plant conditions
(an open stainless steel, Jacketed reaction vessel equipped
with an efficient stirrer) and yielded 557 9 of product, 78%,
which had the following propertles: m.p. 283.5-_284.5"C, un-
corrected, bulk denalty 0.J43 /ce, thermal stability at 260OC
for two hours - 3.6 g/cc/ir.
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FIG. I DATB FROM ACETONE SOLUTION OF 3-MVETHOXY-

2,4,6-TRINITROANILINE ADDED TO AMMONIACAL
METHANOL EIOOXI

CONFIDENTIAL



. OE; •N I iAL

*.ývORl REPORT 6225)

FIG. 2 DATB FFROM BENZENE SOLUTION OF 3-METHOXY-
2,4,6 - TRINiTROANILINE ADDED TO AMMONIACAL

METH-ANOL [IOOX]
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FIG. 3 DATB FROM BENZENE SOLUTION OF 1,3- DIMETHOXY-

2,4,6-TRINITFIOBENZENE ADDED TO AMMONIACAL

E;T 'rANOL C.. .0OXI
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